Abstract
Instability of the proximal tibiofibular joint is rarely reported, and descriptions in the literature are few. The clinical scenario ranges from idiopathic subluxation of the joint with no history of trauma to highenergy traumatic dislocations that may be associated with long bone fractures. Injury to the proximal tibiofibular joint is most commonly seen in athletes whose sports require violent twisting motions of the flexed knee, such as wrestling, parachute jumping, judo, gymnastics, skiing, rugby, football, soccer, track, baseball, basketball, racquetball, and roller skating. [1] [2] [3] [4] [5] [6] One case of bilateral, recurrent proximal tibiofibular dislocation involved an avid jet skier who while skiing remained in the kneeling position with the knees hyperflexed. 7 Some authors think that proximal tibiofibular injuries may be more common than previously thought and that the diagnosis often may be missed. 8, 9 The differential diagnosis can be complex and may require excluding entities such as biceps femoris tendinitis, hypermobile or torn meniscus, or posterolateral rotatory instability. Understanding instability of the proximal tibiofibular joint, its etiology, and its symptoms can help in evaluating the symptomatic patient.
Anatomy of the Proximal Tibiofibular Joint
The proximal tibiofibular joint is a synovial membrane-lined, hyaline cartilage articulation that, in 10% to 12% of people, communicates with the knee joint. [10] [11] [12] [13] The joint capsule is thicker anteriorly than posteriorly, and there are anterior and posterior ligamentous attachments 2,10-13 (Fig. 1) . The anterior portion of the proximal anterior tibiofibular joint is stabilized by three broad ligamentous bands that pass obliquely upward and attach to the anterior aspect of the lateral tibial condyle. 2, 11, 13 The posterior proximal tibiofibular ligament, composed of two thick ligamentous bands, passes obliquely from the fibular head to the posterior aspect of the lateral tibial condyle. The posterior band is covered and reinforced by the popliteus tendon. 2, 11, 13 The posterolateral structures of the knee (lateral collateral ligament, arcuate ligament, fabellofibular ligament, popliteofibular ligament, and popliteus muscle) are thought to help stabilize the proximal tibiofibular joint. 14, 15 The biceps femoris tendon inserts on the styloid process and upper surface of the head of the fibula and stabilizes anterior movement of the fibular head. 2, 10, 16 An extension of the deep layer of the biceps femoris tendon passes anterior to the anterior proximal tibiofibular ligaments, inserting into Gerdy's tubercle, and reinforces the joint. 13, 16 The lateral collateral ligament helps to secure the fibular head to the tibia. It extends from the lateral aspect of the fibular head just anterior to the styloid and attaches to the posterior aspect of the lateral femoral condyle between the lateral femoral epicondyle and the supracondylar process, immediately above the groove for the popliteus. 2, 11, 13, 15 The lateral collateral ligament is tight from 0°to about 30°of flexion. With knee flexion, the proximal fibula moves anteriorly with relaxation of the lateral collateral ligament and biceps femoris tendon. With knee extension, the proximal fibula is pulled posteriorly because these same structures are tightened. 10, 17 This anterior-posterior motion is more evident in young children than in adults. 10 As a result of the laxity in the joint capsule with flexion, injuries to this joint generally occur with the knee in a flexed position.
Classification of Anatomic Variation
A number of studies have demonstrated an association between particular anatomic variations of the proximal tibiofibular joint and the potential for developing instability. 2, 4, 10, 11, 18 Two general anatomic variants have been identified. 4,10 A horizontal variant (Fig. 2, A) has <20°of joint inclination relative to the horizontal plane, and the fibular head is seated in a groove behind a prominent lateral tibial ridge that enhances its stability against anterior dislocation. 2,4,10 The surface area of the horizontal joint is planar, circular, and relatively large, averaging 26 mm 2 . An oblique variant (Fig. 2, B) is defined by any angle of inclination >20°. 10, 11 The oblique type of joint is highly variable in its surface area, configuration, and inclination. 10 This angle of inclination, which can reach up to 76°, and the decreased surface area of the joint, averaging 17 mm 2 , is thought to predispose the oblique anatomic variant to instability. 3, 4 Figure 1 Anatomy of the proximal tibiofibular joint. Figure 2 Lateral radiographs demonstrating anatomic variation of the proximal tibiofibular joint. The slope of the proximal tibiofibular articulation is a risk factor for the development of instability. A, Horizontal articulation (<20°from the horizontal). B, Oblique orientation (>20°from the horizontal), which is more likely to have instability develop.
Lateral collateral ligament

10°3
4°
The proximal tibiofibular joint allows for the external rotation of the fibula that naturally occurs with ankle dorsiflexion. However, the amount of rotation varies. The oblique variant of articulation is more constrained and has less rotational mobility than the horizontal variant. As a result, forced ankle dorsiflexion is thought to increase torsional loads in the fibula in patients with oblique proximal tibiofibular joints, predisposing the fibula to a higher risk of fracture or dislocation. 10
Classification of Instability Patterns
Ogden 4,11 described four types of instability of the proximal tibiofibular joint: atraumatic subluxation, anterolateral dislocation, posteromedial dislocation, and the rare superior dislocation. Subluxation of the proximal tibiofibular joint involves excessive and symptomatic anteriorposterior motion without actual dislocation of the joint. 4, 9, 11 Patients with subluxation of the proximal tibiofibular joint typically have no history of inciting trauma or injury. Atraumatic subluxation of the joint may be seen in patients with generalized ligamentous laxity.
Anterolateral dislocation is the most common dislocation of the proximal tibiofibular joint and involves injury to the anterior and posterior capsular ligaments. The dislocation frequently is associated with injury to the lateral collateral ligament 4,9,11 (Fig. 3 ). Usually this injury results from a fall on a hyperflexed knee with the foot inverted and plantarflexed, such as landing with a flexed knee caught under the body. [1] [2] [3] [4] [5] 10, 11, 13, [19] [20] [21] [22] For an anterior dislocation to occur, the proximal fibula must first displace laterally to the edge of the bone buttress of the lateral tibial metaphysis. 4 With the knee in extreme flexion, both the lateral collateral ligament and biceps femoris tendon are relaxed, predisposing the proximal tibiofibular joint to lateral displacement and injury. 4, 7 Further twisting of the body transmits a torque to the fibula, which dislocates the proximal end laterally, with the peroneal muscles, extensor hallucis longus muscle, and extensor digitorum longus muscle pulling the proximal fibula anteriorly. 2, 4, 13, 23 Posteromedial dislocations, often associated with peroneal nerve injuries, usually involve either a direct blow (such as from a car bumper or a horseback rider's knee striking a gatepost) or a twisting injury that tears the capsule and surrounding ligaments, including the lateral collateral ligament. 4, 10, 11 As the fibula displaces posteriorly, it also displaces medially along the posterolateral tibial metaphysis 4 (Fig. 4) . Other mechanisms of injury typically involve twisting of the leg with a violent contraction of the biceps femoris muscle, pulling the head of the fibula posteriorly. 13, 22 Superior dislocations are classically associated with a concomitant highenergy ankle injury and superior migration of the entire fibula. 11 The result is an injury to the interosseous membrane between the tibia and fibula (Fig. 5 ). Atraumatic superior dislocation of the proximal tibiofibular joint also has been associated with congenital dislocation of the knee. 4
Figure 3 A, Anterior and lateral views of anterolateral dislocation (arrows) of the proximal tibiofibular joint. Note that the fibula on the lateral view is anterior to the posterior cortex of the tibia (dotted line). B, Anterior and lateral radiographs of an anterolateral dislocation (arrows).
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Evaluation Clinical Presentation
Patients with subluxation of the proximal tibiofibular joint most commonly report pain on the lateral side of the knee that is exacerbated by direct pressure over the fibular head. 4 Typically there is no history of trauma, and the condition is frequently bilateral. 9 Subluxation of the proximal tibiofibular joint may be associated with generalized ligamentous laxity, muscular dystrophy, or Ehlers-Danlos syndrome. 4, 8, 9, 24 Patients in whom hypermobility is the source of symptomatic subluxation of the proximal tibiofibular joint typically are preadolescent, often female, and can expect a decrease in symptoms with skeletal maturity. 4, 9, [24] [25] [26] Patients with generalized ligamentous laxity that persists into their late forties and fifties may continue to have symptoms as they age. 9 Subluxation of the proximal tibiofibular joint also has been described in patients with osteomyelitis, rheumatoid arthritis, septic arthritis, previous below-knee amputations, osteochondroma, or growth disturbances about the knee, and in runners who recently have increased their mileage. 4, 8, 11, 22, 27 Patients with an acute dislocation of the proximal tibiofibular joint A B * * * * complain of pain and prominence or swelling in the lateral aspect of the knee. 2, 3, 5, 20, 22, 28 Many are unable to bear weight because of the pain. 5, 21, 22 Motion of the ankle aggravates the lateral knee pain. 3 Knee motion also is very painful, and patients may be unable to fully extend the knee. 5, 28 Transient peroneal nerve symptoms may be present, especially with posteromedial dislocation. 4, 9, 13, 22, 28, 29 With high-energy trauma, this injury has been associated with concomitant fractures of the tibial plateau or shaft (Fig. 5, B) , ipsilateral femoral head or shaft, distal femoral epiphysis, or ankle, and with knee dislocations. 4, 30 Proximal tibiofibular dislocations often are missed in the initial evaluation of the polytrauma patient with associated fractures. 4 Recurrent or chronic dislocation of the proximal tibiofibular joint can be associated with a wide range of symptoms, most commonly instability of the lateral knee and clicking or popping, which often can be mistaken for lateral injury of the meniscus. 1, 3, 5, 20, [26] [27] [28] In addition, the diagnosis may be confused with other, better described and recognized lateral injuries or disorders, such as lateral collateral ligament injury, biceps femoris tendinitis, posterolateral rotatory instability, or iliotibial band syndrome. 8 Although patients usually have no difficulty with activities of daily living, symptoms may develop during sports movements that require sudden changes in direction. These movements may produce symptoms of giving way and the sensation of recurrent dislocation. 19 Some patients complain of difficulty climbing stairs. 25 The differential diagnosis for instability of the proximal tibiofibular joint requires excluding a variety of pathologic conditions related to the lateral side of the knee. Patients may present with a locking or catching sensation, 25,26 suggesting meniscal tears or a discoid lateral meniscus. Posterolateral rotatory instability also is worth considering because many patients present with a feeling that the knee is giving way or is unstable. 25, 26 Other less common conditions that may be confused with proximal tibiofibular joint instability include exostoses and intra-articular loose bodies in the popliteus tendon sheath, both of which may produce similar symptoms of popping and catching if tendinous structures are subluxating over the mass.
Physical Examination
When associated with significant trauma, acute injuries of the proximal tibiofibular joint frequently are missed, so examining this joint is important as part of a comprehensive knee examination. It is also important to assess the integrity of the ankle and determine the functional status of the peroneal nerve. Typically, isolated proximal tibiofibular injuries will not present with a knee effusion; however, there may be a prominent lateral mass. 4 With anterolateral dislocation, there is usually severe pain near the proximal fibula and along the course of the stretched biceps femoris tendon, which may appear to be a tense, curved cord. 4 Pain at the lateral knee is accentuated by dorsiflexing and everting the foot. Pain also is accentuated as the flexed knee is extended.
In chronic injuries, or in patients with atraumatic subluxation of the proximal tibiofibular joint, the optimal method for examining the joint requires flexing the knee to 90°, which relaxes the lateral collateral ligament and biceps femoris tendon. The knee is palpated for tenderness, and laxity is assessed by translating the fibular head anteriorly and posteriorly, grasping it between the thumb and index finger 25 (Fig. 6) . It is helpful to ask the patient if this translation reproduces the symptoms or causes apprehension. It also may be helpful to elicit the Rȃdules-cu sign, 27 which requires the patient to lie prone. With one hand stabilizing the thigh and the knee flexed to 90°, the leg is rotated internally with the other hand in an attempt to subluxate the fibula anteriorly. The proximal tibiofibular joint is usually stable with the knee in full extension; if it is not, injury to the lateral collateral ligament and posterolateral structures is likely. 4, 9, 23 Examination in all patients with suspected proximal tibiofibular injuries should include an assessment of the integrity of the lateral collateral ligament and posterolateral structures of the knee. These structures frequently are injured with a proximal tibiofibular dislocation or may be important in the differential diagnosis. In addition, tenderness at the popliteus tendon or biceps femoris tendon should be elicited. Tendinitis of these structures may produce painful symptoms at the posterolateral corner of the knee.
Imaging Studies
Plain radiographs should be taken of the knee in true anteroposterior and lateral views. Comparison radio- graphs of the contralateral knee can substantially improve the ability to diagnose instability of the proximal tibiofibular joint. 11,31 On the lateral view, the fibular head overlies the posterior border of the tibia. 11 Resnick et al 11 described a line on lateral radiographs that follows the lateral tibial spine distally along the posterior aspect of the tibia and defines the most posteromedial portion of the lateral tibial condyle (Fig. 7) . In a normal knee, this line is found over the midpoint of the fibular head. In anterolateral dislocations, the fibular head will be anterior to this line on the lateral view (Fig. 3, B) . In posteromedial dislocations, all or most of the fibular head is posterior to this line on the lateral view (Fig. 4, B) . Oblique views of the knee may be helpful, although this is controversial. 11, 28, 32, 33 Axial computed tomography has been found to be the most accurate imaging modality to detect injury of the proximal tibiofibular joint 32 and is recommended if the diagnosis is suspected but not clearly established based on plain radiographs.
Treatment of Instability Atraumatic Subluxation
Nonsurgical management is usually successful for symptomatic atraumatic subluxation of the proximal tibiofibular joint. For patients with substantial pain, some authors have recommended immobilization in a cylinder cast for 2 to 3 weeks to help diminish symptoms. 4,9 When symptoms of instability persist, a supportive strap or bandage combined with lower extremity hamstring and gastrocnemius muscle strengthening may provide some benefit. 5, 7, 8, 25 The strap is placed 1 cm below the fibular head. Care must be taken because if the strap is placed too tightly, it may precipitate a peroneal nerve palsy. It should be worn as needed during activities that produce symptoms. 5, 8, 25 Activity modification with avoidance of knee hyperflexion is important in the nonsurgical treatment of subluxation. 7, 8 In most patients with generalized ligamentous laxity with atraumatic subluxation, the symptoms are self-limiting and resolve with age; therefore, surgery usually is not needed.
Acute Dislocation
The initial management of acute proximal tibiofibular joint dislocation involves closed reduction, which can be done with either local anesthesia or intravenous sedation. 13 Closed reduction is done by placing an appropriately directed force to the fibular head with the knee flexed between 80°and 110°, which relaxes the lateral collateral ligament and biceps femoris tendon. 4, 5, 13 There is often an audible pop as the fibula reduces. Some authors believe that it is also helpful to keep the foot externally rotated, everted, and dorsiflexed, which theoretically relaxes the peroneal, extensor hallucis longus, and extensor digitorum longus muscles. 3, 4 Others believe this maneuver is unnecessary. 13 Once reduced, the stability of the knee should be determined with respect to the integrity of the lateral collateral ligament and posterolateral structures.
Whether to immobilize the patient after successful closed reduction is controversial. Some authors believe that a soft dressing and no immobilization is appropriate, with protected weight bearing on crutches progressing to full weight bearing over 6 weeks. 5, 13, 20 Others think that immobilization with the knee in the neutral position or slightly flexed for 3 weeks is appropriate. 3, 4, 28 Interestingly, Ogden 4 reported that 57% of patients with acute proximal tibiofibular dislocations later required surgery for continuing symptoms after failure of treatment with closed reduction and 3 weeks of immobilization.
Open reduction of the proximal tibiofibular joint should be done when closed reduction fails. 5, 13, 17, 23 This can occur when the proximal fibula is caught anteriorly on the lateral tibial ridge with an intact and tight lateral collateral ligament. 23 Following open reduction, the joint should be stabilized in the reduced position with temporary screw fixation or Kirschner wires, combined with a primary repair of the torn capsule and injured ligaments. 5, 13, 17 Immobilization after surgery typically lasts 6 weeks and should include the ankle joint. After 6 to 12 weeks, the Kirschner wire or screws can be removed. 5, 13, 17 Other indications for surgical treatment include acute posteromedial dislocations, which have been associated with poor results after nonsurgical management. 4 Although the numbers in his series are small, Ogden 4 believed that patients with this type of dislocation probably should be treated with open reduction, temporary stabilization with a Steinmann pin, and repair of the capsule and lateral collateral ligament. Superior dislocations of the proximal tibiofibular joint also typically require surgical intervention because they are invariably associated with a concomitant tibia or ankle fracture. 4 Surgery also is indicated with acute injury to the posterolateral structures of the knee because primary repair of these structures has been associated with a favorable outcome. 33
Treatment of Recurrent Symptoms
Malreductions or missed dislocations may produce degenerative changes of the proximal tibiofibular joint. In such patients, pain is often the primary complaint, and an arthrodesis of the joint can be done. 30 After isolating and protecting the peroneal nerve, the articular surfaces of the proximal tibiofibular joint are denuded of articular cartilage to bleeding subchondral bone. The joint is reduced and fixed with cancellous lag screws. It is immobilized for 5 weeks; full weight bearing can be started after 8 weeks. 25 Arthrodesis prevents rotation of the fibula, which causes increased rotational stress at the ankle and frequently can lead to pain and instability of the ankle joint. 4,9 Arthrodesis therefore should be avoided, especially in athletes and children. 19 If arthrodesis is required, many recommend resecting 1.5 cm of the fibula at the junction of the proximal and middle third to avoid overconstraining the fibula. 4, 27 An alternative to arthrodesis is fibular head resection. 4 Successful fibular head resection requires excision of the head and neck of the fibula while preserving the fibular styloid and the lateral collateral ligament, which is secured to the underlying tibia. 5,9 When scar is found around the peroneal nerve, a neurolysis should be done. 9 In fact, peroneal nerve symptoms or palsy in chronic subluxation or dislocation of the proximal tibiofibular joint is one indication for fibular head resection. 4, 9, 29 Unfortunately, fibular head resection also has been associated with the development of chronic ankle pain and knee instability. 7, 34 Resection of the fibular head is contraindicated in athletes because of the possibility of instability from disruption of the posterolateral corner, as well as in children, whose physes are at risk of injury.
For patients with symptoms of recurrent instability, reconstruction of the supporting structures of the proximal tibiofibular joint also can be done and has shown promising results in the limited number of published reports. Giachino 19 described his technique using one half of a posterior strip of biceps femoris tendon still attached distally to the fibular head and a 10-cm rolled strip of deep fascia of the anterolateral compartment of the leg still attached proximally to the fibular head (Fig. 8) . The common peroneal nerve is isolated, the lateral head of the gastrocnemius muscle is retracted, and the soleal attachment to the posterior part of the proximal tibiofibular joint is dissected to expose the posterior surface of the proximal tibia. A hole is then drilled from anterior to posterior in the tibia, and the two new ligaments are wrapped around the head of the fibula with the proximal tibiofibular joint held reduced. The grafts are then passed through the tibial drill hole from posterior to anterior and anchored to the fascia anteriorly. The knee is immobilized for 6 weeks; progressive weight bearing is then advanced. Giachino 19 reported good results in two cases without recurrent symptoms of pain or instability, with a return to previous activity level.
Alternatively, a 20 × 2-cm strip of iliotibial band, still connected to its insertion on Gerdy's tubercle, can be tubularized and passed from anterior to posterior through a drill hole in the tibia at a level just proximal to Gerdy's tubercle (Fig. 9) . The graft is passed through the posterior capsule and arcuate complex, then through a drill hole from posterior to anterior in the reduced fibula at the fibular head/neck junction. The graft is placed deep to the lateral collateral ligament from anterior to posterior and tightened, then secured to itself and the posterior capsule. 1 Complications of the surgical treatment for proximal tibiofibular joint instability include injury to 
